
SECTION 11 

DROP SPILLWAYS 

1. GENERAL 

Description. The drop spillway is a weir structure. Flow passes 
through the weir opening, drops to an approximately level apron or stilling 
basin, and then passes into the downstream channel. The basic elements of 
the drop spillway and the nomenclature are shown by drawing ES-63 (page 1,3). 
Various designs and proportions are in use. Further research and systematic 
evaluation of experience with existing structures will lead to continued 
improvement in design criteria. 

Material. For most soil conditions, drop spillways may be built of any 
of the construction materials adapted for use in hydraulic structures. 
Some or all of the following materials will be available for consideration 
in any locality: concrete, reinforced or cyclopean; rock masonry; concrete 
blocks, with or without reinforcing; and steel sheet piling. Reinforced 
concrete is most widely used and has been very satisfactory for long-life, 
low-annual-cost structures. In a given case, particularly where a number 
of structures are involved, the selection of the material to be used should 
be based on: (1) the required life span of the structures, (2) an annual 
cost comparison which recognizes all of the costs, including maintenance 
and replacement, for structures built of the different available materials. 

Functional Use. Drop spillways are used for the following purposes: 

(1) To control gradient in either natural or constructed channels. 

2 To serve as inlet or outlet structures for tile drainage systems in 
conjunction with gradient control. 

( 3 )  To control tailwater at the outlet of a spillway or conduit. 

(4) To serve as reservoir spillways where the total drop (F) is relatively 
low. 

Experience and comparison of structural and hydraulic characteristics 
show that drop spillways have certain advantages and disadvantages compared 
with other structures adapted to similar functional uses. These general 
advantages and disadvantages should not be regarded as a basis for final 
selection of the type of structure for a given site, but can be used in de- 
ciding whether the drop spillway should be one of the alternate types to be 
considered. 

Advantages 

(a) Stability. The drop spillway is very stable, and the likelihood 
of serious structural damage is more remote than for other types of 
structures. 



(b) Nonclogging of weir. The rectangular weir is less susceptible to 
clogging by debris than the openings of other structures of comparable dis- 
charge capacity. 

(c) Low maintenance costs. Drop spillways indicate a definite tendency 
toward lower maintenance cost as compared with other types of structures for 
most embankment and foundation soils. 

(d) Ease and economy of construction. Drop spillways are relatively 
easy to construct. When reinforced concrete is used, the flat slabs and 
straight,,plane-surfaced walls simplify the forming and steel setting opera- 
tions. Standard form panels or reusable sectional forms may be used. 

(e) Standardization. Drop spillways may be standardized readily both 
as to structural design and construction, which results in savings in en- 
gineering and construction ccsts. 

Disadvantages ----- 

(a) The drop spillway may be more costly than some other types of 
structures where the required discharge capacity is less than 100 cfs and 
the total head or drop is grea,ter than 8 or 10 feet. 

(b) The drop spillway is not a favorable structure where it is de- 
sired to use temporary spillway storage to obtain a large reduction in 
discharge at and downstream from the structure. Discharge through a weir 
increases with the 1.5 power of the specific head at the weir (H,) while 
the discharge through a closed conduit flowing full increases as the 0.5 
power of the total drop in hydraulic grade line. The above statements are 
not to be taken as meaning that significant spillway storage should be 
neglected in determining the required discharge capacity of a drop spillway. 



1.3 

DROP SPI LLWAYS: NOMENCLATURE AND SYMBOLS OF DROP SPl LLWAY 
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L = Length  o f  weir. 
h = Depth of weir. 
F = Drop through spil lway f r o m  c r e s t  o f  

weir t o  t o p  o f  t ransverse s i l l .  
s = He ight  o f  t r ansve rse  sil l .  
LB = Leng th  o f  ap ron ,  
T = Depth  o f  toewal l  below t o p  o f  apron.  
C = Depth  of cutof f  wall below t o p  o f  apron.  
dc = C r i t i c a l  dep th  o f  weir. 
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J = Height o f  wingwall and sidewall a t  junct ion 

PERSPECTIVE VIEW 
REFERENCE 

Rev. 12-14-~rs 

U. S. DEPARTMEN'P OF AGllICClL'l'IIHE 
SOIL CONSKRVATION SERVICE 

ENGINEERIXR STAXDAHIP IJHIT 

STANDARD OWG. NO. 

ES- 63 
SHEET 1 OF I 

DATE I-=-% 



2. LAYOW 

General. The site selection and ~ro~ortioning of a structure should be -- A A - 
such that it satisfies the objectives and meets the stability requirements 
at minimum cost. 

Site Selection. Proper site selection is dependent upon the availa- -- 
bility of adequate field surveys and foundation data on all practicable 
alternate sites. The extent of field surveys required to prepare the most 
logical layout will depend upon the complexity of conditions peculiar to 
the problem. In some cases particular attention must be given to the effect 
of the proposed work on adjacent highways and their drainage structures, 
railroads, pipe lines, and other improvements or property that might be 
affected. 

Comparative cost estimates probably will be necessary to determine the 
best layout. Volumes of earth fill and excavation, the cost of providing 
adequate protection during the construction period, volumes of concrete as 
affected by foundation conditions and other factors that vary from site to 
site, elevation of ground water, and other factors will affect costs. In 
the final selection, differences in cost at the various sites should be 
weighed against other advantages and disadvantages. 

Channel Alignment. For gradient-control drops with definite approach 
channels, the site should be selected so that the spillway is located on a 
reasonably straight section of channel (on tangent), with neither upstream 
nor downstream curves within 100 to 200 feet of the structure. It often 
will be desirable to obtain straight alignment above and below the spillway 
by channel changes that merge smoothly with the existing channel. Modern 
earth moving equipment has made such channel changes practicable for many 
locations where, otherwise, poor alignment would have been unavoidable. 

Poor upstream alignment, or any other disturbance that produces uneven 
distribution of velocity and discharge over the weir, is very apt to result 
in one or more of the following bad effects: 

(1) Reduction in discharge capacity of the weir. 

(2) Excessive scour of the earth embankment and channel banks 
just above the spillway. 

( 3 )  Uneven distribution of flow across the transverse sill at 
the end of the apron, and a reduction in energy dissipation 
by the apron and stilling pool of the structure. 

(4) Excessive scour in the downstream channel just below the 
spillway apron and wingwalls, and downstream therefrom for 
a comparatively short distance. 

The severity of these effects depends upon the extent of the upstream dis- 
turbance. Where the velocity of approach to the weir -will be less than 2 
feet per second throughout the anticipated life of the spillway, the effect 
of poor approach-channel alignment may be ignored. Where the approach 
velocity is apt to be higher, the approach channel must be straight. 



Poor downstream alignment is not so serious as poor upstream align- 
ment; however, it also should be avoided. Excessive scour is apt to 
develop if appreciable channel curvature exists immediately below the 
spillway. Such scour may be more severe than it would have been other- 
wise, due to the lack of complete dissipation of the overfall energy by 
the spillway apron and stilling pool. 

The extent of the scour generated as the result of poor alignment 
will differ considerably from site to site for numerous reasons. It will 
be affected by the location, amount and rate of curvature, the velocity, 
depth of flow, duration of discharge, resistance of the channel bottom 
and banks to erosion, and perhaps other factors. Consequently, it will 
be difficult to predict the required extent of preventive riprap in ad- 
vance of the scour. Where such predictions can be made, the riprap should 
be included in the original construction plans. It will be necessary to 
inspect such spillways after every significant storm and provide the rip- 
rap or other work necessary to protect and preserve them. 

If, at a particular site, it is impracticable to avoid curvature, 
good upstream alignment must take precedence over desirable downstream 
conditions. In other words, drop spillways should be located so that 
the center line of a straight approach channel is coincident with the 
center line of the spillway. 

Foundation Conditions. The site selected must provide an adequate 
foundation for the spillway. The foundation material must have the re- 
quired supporting strength, resistance to sliding and piping, and be 
reasonably homogeneous so as to prevent differential or uneven settle- 
ment of the structure. 

Piping, sliding, and vertical foundation loads are discussed else- 
where. Unequal settlement under various parts of the spillway must be 
carefully avoided; each part of the foundation must carry its proper 
share of the load. If the foundation materials vary appreciably as to 
consolidation under load over the foundation area, the reactions will 
not be distributed uniformly and cracking and differential settlement 
are probable. 

Articulation of the various component parts of the structure may be 
desirable if foundation studies indicate only minor differences in foun- 
dation prcl"i1es. It usually will be wise to search for an alternate site 
or remove the foundation material and replace it with very carefully com- 
pacted homogeneous fill if the foundation profiles indicate apprecia-ble 
differences that might lead to unequal settlement. 

Obviously, foundation investigations must be made at each site. The 
extent of the investigation should depend upon the size and importance 
of the structure, known facts concerning the geology of the area, and 
the findings in the first borings or test pits. The investigations may 
range from visual classification of soils in one or two test holes, for 
structures 10 feet or less in height and of low failure hazard, to ex- 
tensive soil borings, test pits, and soil-mechanics laboratory studies 
on higher structures where the hazard to life or property is significant 
should they fail. 

Other Considerations. Other factors requiring investigation during 
the selection of the structure site are: (a) conditions that will affect 
the type and degree of protection against damage from runoff during 
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construction (b) material available for earth fill and the required volume 
of such fill (c) farming operations on the land adjacent to the site (d) 
roads, railroads, pipelines, and other structures that may affect or be 
affected by the structure. 

Structure Dimensions. The determination of the dimensions 3f the ------ 
various parts of the drop spillway is discussed in the subsections deal- 
ing with the hydraulic and structural design. 

Top Width of Earth Embankment. The top width of the earth embankments -------- 
should be such that they can be constructed and finished with -~he standard 
earth moving equipment. In the majority of cases, this sets the minimum 
top width at 8 feet. For gradient-control drop spillways without perma- 
nent pools of water above them, this minimum top width is sufficient for 
stability. Where a drop spillway acts as a reservoir spillway, the dikes 
are usually high for a considerable portion of their length and are in 
contact with the permanent pool. In such cases, the minimum top width of 
the dikes is given by the following equation which is applicable for 
heights of embankment up to 50 feet; 

where W = minimum top width in feet 

H = maximum height of embankment in feet for 
range in values of 5 to 50 feet 

Example: - Given a maximum height of fill of 22 feet, find the minimum top 
width. W = (22 + 35) 9 5 = 11.4; hence, use a top width of 12 feet unless 
some other design consideration requires a larger value. 

For practical construction reasons, no attempt should be made to vary 
the top width of the embankment as the fill height varies; select one top 
width and use it for the full length of the embankment, 

Fill Slopes. The recommended fill slopes are: (a) for fill adjacent 
to the structure, not steeper than 2 horizontal to 1 vertical; (b) for 
earth embankment, 3 horizontal to 1 vertical where practical, with a mini- 
mum of 2 to 1. These 3-to-1 slopes are recommended not only for stability, 
but because they will facilitate maintenance operations. 

Required Height of Earth Fill Above the TOD of the Headwall Extension. 
A - -  

For gradient-control drop spillways, the top of the settled earth fill 
should be at least 1 foot above the top of the headwall extension. Where 
a reservoir exists above the spillway, the top of the settled earth fill 
should be higher than the top of the headwall extension by an amount equal 
to the average depth of frost penetration, taken from fig. 2.1 (page 2.5), 
but not less than 1 foot. In the western part of United States, local ex- 
perience on the average of maximum annual frost depths will need to be 
gathered to supplement the data in fig . 2.1 (page 2.5) , 

Riprap of Approach Channel. Field experience and observation of labo- 
ratory tests indicate that earth backfill, just above the crest of a weir 
and at the end of embanknents adjacent to the ends of the weir opening, 
will be scoured out and carried away by discharges that approach design 
values unless it is protected by adequate riprap or vegetation. The depth 
and duration of discharge, erodability of backfill, alignment of approach 



channel, contraction a t  ends of the  weir, sediment being transported,  
and density, vigor and type of vegetat ion on the  backf i l l ,  and probably 
other f a c to r s  a f f ec t  the  need f o r  r iprap.  

Several  drop spillways have been observed a t  which t he  channel grade 
l i n e  above the  weir has been ra i sed  by an accumulation of sediment i n  
dense, vigorous vegetat ion.  Such a buildup of t he  channel r e s u l t s  i n  
reduced capacity of the  weir.  

On other spillways, serious deep scour developed jus t  above t he  weir, 
and especia l ly  a t  the  ends of the  weir, where addi t ional  turbulence i s  
created by contraction of the  flow. The f i l l  jus t  above a weir may be 
s t ab l e  f o r  several  years, scour under a high discharge, and subsequently 
bu i l d  up t o  o r i g ina l  grade on the  receding s tage  or by sedimentation 
during a s e r i e s  of low discharges. 

It i s  highly des i rable  t o  avoid both scour and buildup above the  
headwall. Properly designed and placed r iprap provides very good pro- 
t e c t i on  agains t  both of these  hazards. 

Drop spillways t h a t  a r e  located immediately below re tarding dams 
w i l l  operate a t  or  near design capacity more of ten  and f o r  longer time 
i n t e rva l s  than average gradient-control  drops. Hence, t he  hazard from 
scour w i l l  be ser ious  and the  need f o r  r ip rap  i s  apparent. Drop s p i l l -  
ways used a s  gradient-control  s t ruc tu res  i n  i r r i g a t i o n  canals su f f e r  
r e l a t i v e l y  severe flow conditions and should always be riprapped above 
the  weir. 

Recommendations on the  layout and requirements of r ip rap  f o r  drop 
spillways a r e  presented i n  drawing ES-79 (page 2 .6 ) .  

Riprap, placed i n  accordance with drawing ES-79 (page 2.6), should 
be considered a s  "must1' protect ion i n  a l l  cases where t he  depth of t he  
weir exceeds 2.5 f e e t .  

From "Climate and Man", Yearbook of Agriculture - 1941, p. 747 

FIGURE 2 . 1  



DROP SPILLWAYS- RIPRAP OF APPROACH CHANNEL- 
LAYOUT AND REQUIREMENTS 

L ~ f - r u n  sand ond 
gruve/ bedding. 

SECTION B-B 
'+B 

HALF PLAN 

I 

Pit-run sand ond 
prove/ beddh9. 

SECTION A-A 

NOTES: 
The r iprap material should be of hard,durable 

stone or broken concrete wi th  a uni t  weight equal 
to or greater than 150 pounds per cubic foot.  

Angular, f ragmented rock is preferable t o  
rounded stone. 

A t  least 75Y0 of the riprap, by weight, should 
consist of pieces of rock or concrete, which equal 
or exceed t h e  weight given in the  table opposite 
the  required depth o f  weir. 

The thickness o f  the layer o f  r iprap should be 
a t  least equal t o  the average diameter of rock, D, 
indicated In t he  table. 

The r iprap should be placed on a bed o f  
coarse p i t - run sand and gravel. The minimum 
thicKness of t h e  bedding is indicated in the table. 

The spaces between the  large rock of t h e  
r iprap should be f i l led wi th  spalls, smaller rock, 
and pi t -run mater ial .  

The dimensions of the area of r iprap shown in 
the above sketches are minimum dimensions. 

The surface o f  the  r iprap should be as 
smooth as possible. 

The average diameter, D., is defined 
as the diameter of a spherical rock o f  
equal weight and density. 
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3. IL~TIII!,TJLIC DESIGN 

Hydrologic Determinations. Methods of determining peak r a t e s  and fn- 
flow hydrographs of runoff aTe discussed i n  Hydrology, Section 4 of the  
Engineering Handbook. 

Select ion of t he  freaucllcy of  the design f lood flow f o r  a pa r t i cu l a r  
drop spillway should be basta on ac evaluation of the  following fac to rs :  

(1) Intended lire 05 thc s t ruc tu re  

(2)  Probable ext,elit, ?f dumge, should the  spillway f a i l  
due t o  l ack  of :I r(?har.rrz capacity. 

( 3 )  Relat ive  s ize ant! (:mi; of the  s t ruc tu re .  

The discharge character':,tics of a weir a re  such t h a t  a  r e l a t i v e l y  
l a rge  percentage i n c r e a ~ ~  in discharge capacity can be provided for a 
small percentage ir~creast .  i n  ~ o t a l  cost  of the  s t ruc tu re .  The spillway 
cost  i s  only a p a r t  or' lllc t o k l  cost  of the  s t ruc tu re .  

Discharge Capacl tji I ) e t e~mina t ions .  Two general  cases a r e  encountered. -- 
They are : 

(1) Those cases vherc : r-2 wqui red  discharge capacity and 
t he  t o t a l  chop c-~r.t u :J :he spillway, F, a r e  known, and 
the  problem I:; t o  i , s~  ?;lie length and depth of weir 
t o  provide !,h~ i + c 1  i r capacity, maintain an adequate 
freeboard, e-~d -,i L $ 2 ~  ; if- cconomi c a l  proportions f o r  t he  
spillway. 

( 2 )  Those casc.5 i n  wllich t ~ , e  dimensions of the  s t ruc tu re  
a re  known,  nu it i r . c cessary  t o  know the  discharge 
of the  z p  L%ci ,  on ___c: with adequate freeboard or 
a t  maxinur ;spa I:: 1,y. 

I n  e i t he r  cast ' i ,w t Lo,? nl-.,:* i;e e i t he r  f r e e  or  submerged. Both f r ee  
and submerged f l o w  t re d t s cws~  1 ' a t e r .  

Free D i scha r~ t . .  " l i ( >  lr,?) 1 1  c-- capacity of an aerated,  rectangular  weir 
without submerge~i"~ ,. i t  I ;ijP -he formula 

where Q = d i s c l - a ~ . ~  



A completely ae ra t ed  weir  i s  one i n  which unlimited q u a n t i t i e s  of 
a i r  have f r e e  access t o  t h e  space between t h e  nappe and t h e  headwall, 
Under such condit ions,  t h e  nappe w i l l  be sub jec t  t o  a.tmospheric p res -  
sure  on both  upper and under su r faces .  Ordinari ly,  complete ae ra t ion  
w i l l  not  be a t t a i n e d  and some small  permiss ib le  d i f f e r e n t i a l  i n  p res -  
sure,  below atmospheric, w i l l  e x i s t  under t h e  nappe. Provis ion  must be 
made i n  t h e  design f o r  admission of a i r  t o  t h e  underside of t h e  nappe 
by t h e  forced  development of end cont rac t ions  o r  by a i r  vents .  F a i l u r e  
t o  provide a e r a t i o n  w i l l  l e a d  t o  t h e  formation of excessive negat ive 
pressures  (below atmospheric) under t h e  nappe which i n  t u r n  cause f l u c -  
t u a t i o n  of head, i n s t a b i l i t y  of flow, and increased  load  on t h e  headwall. 

Drawing ES-81 (page 3.3) g ives  t h e  design equations and procedure 
f o r  es t imat ing  t h e  s i z e  of a i r  vents  requi red  f o r  drop sp i l lways .  I f  
t h e  d i f f e r e n t i a l  pressure ,  p, exceeds 0.3 f t .  of water, t h e  increased  
loads on t h e  headwall should be included i n  t h e  s t r u c t u r a l  ana lys i s  and 
design.  

Only a  l i m i t e d  i n v e s t i g a t i o n  of t h e  discharge capaci ty  of drop s p i l l -  
ways has been made. The l a c k  of t e s t  dtata, and cons idera t ion  of t h e  
va r i ed  condit ions under which these  s t r u c t u r e s  w i l l  operate,  l e a d  t o  a  
recommended design value f o r  C = 3.1. Use of t h i s  c o e f f i c i e n t  i s  based 
on t h e  assumption t h a t  flow approaching t h e  weir i s  a t  s u b c r i t i c a l  ve- 
l o c i t i e s ,  i . e . ,  t h e  depth of flow i s  g r e a t e r  than c r i t i c a l  depth. 

Contract ion a t  t h e  ends of t h e  weir has not  been t r e a t e d  s p e c i f i c a l l y  
because of a  l a c k  of da ta  appl icable  t o  t h e  s t r u c t u r e s  under d iscuss ion  
and because of i t s  small  e f f e c t  on drop spi l lways of usual  propor t ion .  

It i s  be l ieved t h a t  t h e  use of the  coeff icient ,  C = 3.1 i s  s u f f i -  
c i e n t l y  conservat ive t o  have made reasonable allowance f o r  poss ib le  end 
cont rac t ions  and o ther  indeterminate f a c t o r s  t h a t  a f f e c t  t h e  discharge 
capaci ty .  

Veloci ty of Approach. The t o t a l  energy head producing flow over the  
weir i s  equal t o  H t- (va2 4 2g). The sec t ion  i n  t h e  approach channel a t  
which H and t h e  approach ve loc i ty ,  va, a r e  est imated should meet t h e  
following condit ions:  ( s tudy f i g .  3.1, page 3 .4 )  

(1) It should be 3 H  or  more upstream from t h e  weir, so  a s  t o  be 
above any s i g n i f i c a n t  inf luence  of t h e  drop-down curve which r e s u l t s  
from t h e  increase  i n  v e l o c i t y  a s  t h e  flow approaches t h e  weir .  

(2) For s i m p l i c i t y  i n  computations, it should be upstream from any 
cons t r i c t ions  of t h e  approach channel t h a t  may be imposed by an e a r t h  
embankment which d i v e r t s  t h e  flow t o  t h e  wei r .  

(3) It should not be so f a r  upstream t h a t  t h e  energy l o s s e s  between 
t h e  chosen sec t ion  and the  weir w i l l  a f f e c t  t h e  design s i g n i f i c a n t l y .  I n  
o ther  words, t h e  assumption of a  l e v e l  energy l i n e  from t h e  chosen sec-  
t i o n  t o  t h e  weir must be reasonably co r rec t .  

The sec t ion  i n  quest ion may be chosen a t  any l o c a t i o n  which meets 
condit ions 1 and 3, l i s t e d  above. The a c t u a l  cross sec t ion  determined 
by f i e l d  measurement may be r egu la r  or  i r r e g u l a r  i n  shape; i f  i r r e g u l a r ,  
an equivalent  t r apezo ida l  sec t ion  may o f t e n  be s e l e c t e d  t o  f a c i l i t a t e  
computat ions.  

The v e l o c i t y  of approach i s  equal  t o  t h e  discharge divided by the 
cross-sec t ional  a r e a  of t h e  chosen s e c t i o n .  va = Q + a, 



DROP SPILLWAYS -AERATION OF WEIRS 

EQUATION 
/-/ 3.64 e 9 = 5 . 3  x 10-4  pi64 

where: 
A=required area of aeration hole or holes in sq. in. 
L =length of we~r  in f t .  
He = specific energy head producing flow through the 

weir in ft .  
p=differential pressure between atmospheric and the 

pressure under the nappe in feet of water. 

NOTES: 
This criteria applies to drop sp~llways 

where the edges of  the weir are flush w ~ t h  
the sidewalls. 

The spillway should be aerated 
through both sidewalls. The recom - 
mended minimum diameter of 
aeration hole is 6 inches. 

For average sizes of  
gradient control drop spill- 
ways, He may be taken 
equal to h, the total 
depth of the weir. 

EXAMPLE 

( I )  Area of aeration hole requir- 
ed to limit the differential pressure 

p ,  to a max~mum of 0 . 2  feet of 
water at design discharge. 

(2)  Diameter of  hole required in each side- 
wall to satisfy t h ~ s  condition. 

Solution: 
(1) Take He = h = 4 . 0  f t .  

From graph with p = 0.2 and He = 4 . 0 ,  read q/L = 1.15 
:. A= 1 .15~ 3 0  = 34.5  sq in. 

( 2 ) ~ + 2 = l T d ~ + 4  :. d2=2A-7= (2x34 .5 ) -3 .1416  
d Z  = 22.0, d=  4.69"- Use d= 6.0" ( ~ i n i m u m )  

-~.. <--- 1- --2 P 

HALF FRONT ELEVATION SIDE ELEVATION 

?EFERENCE: 
Aeration of Spillways by 

G. H. Hickox. - Trans. ASCE 1944, 
page 537,  paper No 2215 
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FIGURE 3.1 



From equation 3.1 (page 3.1) the discharge is a function of 
H + (va2 t 2g), so that in the determination of weir dimensions it is 
necessary only to determine the sum of H and (va2 + 2g) since their 
sum is all that is required to determine discharge. 

If, for some reason, it is necessary to know the upstream stage- 
discharge'curve for such a weir, it can be found by the following procedure. 

Step 1. Assume various discharges and compute the sum H + (va2 t 2g) 
= [Q + (CL)]"/~ from equation 3.1 (page 3.1). 

Step 2. Determine m for section AA from physical measurement for 
the problem at hand and add it to the values of H + (va2 + 2g) obtained 
in step 1 to get the specific energy at the section. He = da + (va2 + 2g) 
= m + H + (va2 + 2: )  (see fig. 3.1, Dage 3.4); m will be positive if 
channel bottom is below crest elevation at section AA and negative if above. 

Step 3. For each value of He determined in step 2, find the velocity 
head, (va2 -r 2g), d, and H at section AA by systematic trial and error. 
This step is explained best by an example as follows: 

Example 3.1 

Known : 

1. Channel dimensions at section AA: bottom width, 
b = 40.0 ft; side slopes 2 to 1, or z = 2; m = - 0.10 ft 
(i .e ., bottom of approach channel is above crest) 

2. Weir dimensions: L = 30.0 ft; h = 5.0 ft 

3. Discharge, Q = 905 cfs 
4. Coefficient of discharge, C = 3.1 

Find: - 
1. Velocity head at section AA 

2. Velocity of approach, va, at section AA 

3. H = stage of water surface above crest of weir 
at section AA. 

Procedure : 

substep 1. H + (va2 + 2g) = [Q + (cL)]~/s = 

[go5 t (3.1 30)]2/3 = 4.56 ft 
Substep 2. He = m +  H + (va2 + 2g) = 

- 0.10 + 4.56 = 4.46 ft 

Substep 3. Prepare a table as follows: Assume trial 
values of da and for each such assumed value, compute 
a,, v,, (va2 + 2g), and He and compare with actual 
value of He obtained in step 2. Interpolate to get the 
value of da which is associated with the actual value 
of He and then compute the velocity head (v,2 + 2g) 
= He - d,. 



Ti- i a of 1 da v a . l u ~ $ ] - ' ~ - - - v ~ -  He = da + - Remarks va = -- - -- - 
3 -80 180.9 5.00 0,39 4.19 t o o  low 

4.00 1 192.0 1 4.71 1 0.35 1 4.35 I t o o  low 

4.20 1203.31 4.45 1 -- 0.31 4.51 1 t o o  high ---- 

I n t e r p o l a t e  

This  computation can be t abu la t ed  e a s i l y  as fol lows:  

'check made a f t e r  i n t e r p o l a t i o n .  Thus (va2 + 2g) = He - da = 

4.45 - 4.14 = 0.3'2 f t  and va = 4.53 f p s .  

Substep 4 .  With m and da known, compute H from t h e  
equation H = da - m. I n  t h i s  example H = 4.14 - (- 0.10) 
= 4.24 f t .  

S tep  4. P l o t  values of H aga ins t  Q t o  g ive  t h e  requi red  stage-  
discharge curve. 

Solu t ion  of seve ra l  examples w i l l  demonstrate t h a t  where a r e s e r v o i r  
f u l l  of water e x i s t s  above t h e  spi l lway without an excavated approach 
channel t o  t h e  weir, t h e  v e l o c i t y  of approach may be ignored. Then H 
can be rom~uted  d i r e c t l y  from equation 3.1 (page 3.1) with (va2 s 2g) = 0, 
o r  H = [Q + ( c L ) ] z / ~  I n  a l l  o ther  cases t h e  v e l o c i t y  of approach should 
be included i n  the ana lys i s .  



Freeboard. Freeboard i s  the  v e r t i c a l  distance from the  maximum water- 
surface e levat ion on the  upstream s ide  of the  headwall extension t o  t he  
top of t he  headwall extension f o r  peak design discharge over the  weir.  It 
is  a sa fe ty  fac to r  t o  provide agains t  poss ible  occurrence of conditions, 
not an t i c ipa ted  during t he  design, t h a t  would decrease the  capacity of the  
spillway or increase the  discharge requirements and t o  provide protect ion 
agains t  overtopping by wave ac t ion  where it can take place .  

Most of the veloci ty  head t h a t  e x i s t s  a t  the  sect ion where H i s  
measured ( see  f i g .  3.1, page 3.4) w i l l  be converted t o  e levat ion head 
along the  headwall extensions where the  stream l i n e s  impinge agains t  it. 
Since the  energy grade l i n e  may be assumed l e v e l  between sec t ion  AA, f i g .  
3.1 (page 3.4),  and the  weir, and s ince  most of the  approach veloci ty  head 
i s  regained a t  the  headwall extension, the  t o t a l  weir depth i s  given by 
the  equation 

where h = t o t a l  depth of weir i n  f t  

f = freeboard i n  f t  

and other terms a r e  a s  previously defined. 

Where wave ac t ion  w i l l  not occur, it i s  convenient and l og i ca l  t o  con- 
s i de r  freeboard i n  terms of increased weir discharge capacity.  It a l s o  
seems l og i ca l  t o  assume t h a t  the  required freeboard should be some function 
of t he  ove r f a l l  through the  drop spillway, F, s ince the  poss ible  damage due 
t o  f a i l u r e  increases with an increase i n  F. 

Following t h i s  l i n e  of reasoning, l e t  the  maximum discharge capa 
of t he  weir without freeboard be Q(l + 8 ) .  Then from equations 3.1 
(page 3.1) and 3.2 (page 3.7) 

Q(l + ) = CL~SI" = CL( + H + $?I2 
where 

6 = increase i n  discharge capacity of weir, expressed a s  a decimal, 
due t o  an increase i n  head on the  weir equal t o  f .  

[I study of various functional re la t ionsh ips  between b and F 
the  se lec t ion  of the  following reasonable equation 

Subs t i tu t ion  of 6 from equation 3.4 i n t o  equation 3.3 gives 

L = 
Q( l . 10  + 0.01 F )  

~ h ~ / ~  

The use of these  equations w i l l  be discussed and i l l u s t r a t e d  l a t e r .  

l ed  t o  

3 - 4  

3 - 5  

3.6 

3.7 



Where wave action will occur, the freeboard must be governed by an- 
ticipated wave height. Wave freeboard, f,, is the difference in eleva- 
tion between the reservoir water-surface elevation at design discharge 
and the top of the headwall extension. Wave height is related to wind 
velocity and the length of water surface subject to wind action, called 
length of exposure or fetch. 

Stephenson's equation for wave freeboard is 

where fw = wave freeboard in ft 

D = length of fetch in ft 

This equation requires excessive freeboard for low dams of low failure 
hazard. Hence, it has been modified to reduce the freeboard require- 
ments for drop spillways with controlled head, F, of less that 20 feet. 

The recommended equations are: 

(1) For values of D equal to or less than 6000 ft and F equal 
to or less than 20 ft, use 

F1l2 
fw = 0.0000g~ D + - 

2 + 0027 3-9 

2 For values of D greater than 6000 ft and F equal to or 
less than 20 ft, use 

(3) For values of D equal to or less than 6000 ft and F greater 
than 20 ft, use 

(4) For values of D greater than 6000 ft and F greater than 
20 ft, use Stephenson's equation, number 3.8. 

ution o eq ations 3.8 and 3.10, it is helpful to recog- 
= (D'T2)'y2 , i.e., the fourth root of D is equal to 

the square root of the square root of D. 

Equations 3.9 and 3.10 have been plotted in fig. 3.2 (page 3.9). 



'0 2 4 6 8 10 
Length of  fe tch (0) in 1,000 f t .  units 

FIGURE 3.2 

Example 3.2 

Given: F = U f t ;  D = 3600 f t  

Find: Required wave freeboard, fw 

Solution: Since D i s  l e s s  than 6000 f t ,  subs t i tu te  given data i n  
equation 3.9 (page 3.8) and solve f o r  f, as  follows 

= 0.34 + (3.46 + 2 )  + 0.27 = 2.34 f t  Ans. 

Note t h a t  t h i s  answer can be read d i r ec t l y  from f i g .  3.2 with su f f i c i en t  
accuracy by eye in terpola t ion.  



Working Procedures, Tools, and Examples for Free Flow. The usual 
design problem of selecting a length and depth of weir to discharge a 
certain required peak rate of flow is greatly facilitated by the use 
of drawing ES -65 (page 3.11) . 

Drawing ES-65  a age 3.11) provides a solution of equation 3.5 
(page 3.7) in which the freeboard is a function of the controlled head 
as defined by equations 3.3 (page 3.7) and 3.4 (page 3.7). It has 
been prepared to cover the most commonly enco~~tered range in the vari- 
ables F, h, L, and Q. Where the range of variables on drawing ES-65 
(page 3.11) does not cover the situation at hand, equation 3.5 (page 3.7) 
or one of the equations 3.6 or 3.7 (page 3.7) must be used. 

When it is desirable to use a greater freeboard than provided for 
by equation 3.5 (page 3.7), as for example in a reservoir drop spillway, 
the required freeboard is determined and added to the value of 
H + (va2 + 2g) (see equation 3.2, page 3.7), which is determined from 
equation 3.1 (page 3.1)) for the required discharge and an assumed trial 
value of L. To arrive at reasonable and economical weir proportions, 
it probably will be necessary to select several trial values of L and 
compute the required total weir depth, h, for each and then select the 
particular combination of L and h that will carry the required dis- 
charge with the desired freeboard and produce the lowest-cost structure 
adaptable to the site under study. 

The spillway with the lowest volume of concrete is not necessarily 
the one which, when combined with the other items of cost, will produce 
the lowest cost for the entire structure, including excavation, founda- 
tion preparation, hand-compacted backfill, earth embankment, and other 
possible cost items. Carefully prepared cost estimates for the complete 
structure are necessary for the selection of the best weir proportions. 
Even after such comparisons have been made, other practical considera- 
tions may lead to final selection of a structure other than the one 
indicated by cost estimates as having the lowest installation cost. 
In any event, comparative cost estimates are essential as a guide to 
judgment . 
Example 3.3 

Given: 1. Required discharge capacity, Q = 340 cfs 

2. Net drop, F = 8 ft 

3. Free flow condition (unsubmerged) 

4. Use minimum freeboard as defined by equations 
3.3 and 3.4 (page 3.7) 

5. Coefficient of discharge, C = 3.1 

Find: 1. Reasonable combinations of length of weir, L, 
and depth of weir, h, that will carry required 
discharge capacity and provide minimum freeboard. 

2. Freeboard for one combination of L and h 
(to illustrate how this is done). 



DROP SPILLWAYS: SOLUTION OF EQUATION Q = 3.1 L h3'2 

( I. I0 + 0.01 F ) 

Length of weir ,  L ,  in ff 

F = 5 ff. 

6 8 10 1.2' 14 16 /8 20 22 24 26 28 30 

Lenyfh o f  weir, L , in ff. 

Length of weir, L , lii f f  

6 8 /O 8 14 16 /6 20 2'2 24 26 28 30 

L enqth o f  weir, L , in ft. 

Note: h = fotol dep th  o f  w e i r ,  i n  feet fii7c/udin9 f r ~ e b o a r d )  

f = net drop from crest to  top of trunsverse s i / / ,  in feet 
(For type B drops keep h +F /ess than 0.75) 
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Solution: Use equation 3.7 (page 3.7) and subs t i tu te  given values. 

Next prepare a t ab l e  a s  shown below; assume values of h and complete 
t he  computations indicated.  Three-halves powers can be obtained from 
t ab l e  38, page 103 of King's "Handbook of Hydraulics," o r  from drawing 
ES-37, Engineering Handbook, Section 5 on Hydraulics. 

To i l l u s t r a t e  t he  method of f inding the  freeboard provided fo r  a spe- 
c i f i c  combination of L and h i n  the  above table ,  choose h = 3.00 f t  
and t he  companion L = 24.9 f t .  The freeboard is  found by computing t h e  
head, H + (va2 t 2 g ) ,  necessary t o  carry t he  required discharge and sub- 
t r ac t i ng  t h i s  value from t h e  depth of the  weir, h. 

h 

From equation 3.1 (page 3.1) 

Then from equation 3.2 (page 3.7) 

h3I2 

For the  p r ac t i c a l  value of L = 25 associated with h = 3.00, t h  
value of f i s  found n the  same way, H + (va2 a 2g) = [Q + (cL)] 273 
= C3.40 t (3.1 25)12 = 2.68 and f = 3.00 - 2.68 = 0.32 f t  

Comment: It should be noted t h a t  columns 1 and 4 of the  above t ab l e  
can be f i l l e d  i n  f o r  t h i s  case d i r ec t l y  from drawing ES-65 (page 3.11). 
O f  course, i f  e i t h e r  L o r  h is  f ixed by s i t e  or  functional  require- 
ments, t he  other weir s i z e  var iable  may be found d i r ec t l y  from equation 
3.6 or  3.7 (page 3.7) .  

129.4 = Prac t i ca l  
Values of L 



Example 3.4 

Given: 1. Net drop, F = 15 f t  

2.  Free flow condition (unsubmerged) 

3. Required discharge capacity, Q = 2460 c fs  

4 .  Reservoir immediately above spillway with 
length of fe tch  = 1800 f t  

5 Coefficient  of discharge, C = 3.1 

Find: 1. Wave freeboard required 

2 .  Combinations of L and h t, w i l l  carry re-  
quired discharge with t he  reqL ed freeboard. 

Solution:  The required wave freeboard can be computed using 
equation 3.9 (page 3.8), or  it can be read d i r ec t l y  
from f i g .  3.2 (page 3.9).  Subst i tu t ing i n  equation 
3.9 (page 3 .8) ,  we have 

From equation 3.2 (page 3.7)) H + (va2 + 2g) = h - f and from 
equation 3.1 (page 3 . l ) ,  H + (va2 + 2g) = [Q + (CL) J ' / ~ ;  hence, f o r  
t h i s  case 

h - f w =  (L)"" CL 

With fwJ C, and Q known, assume values of h and compute L.  
Prepare a t ab l e  a s  follows t o  f a c i l i t a t e  t he  computations. 

Comment: For any selected companion s e t  of weir dimensions, +%he stage- 
discharge curve can be determined by methods given i n  example 3.1 (page 3.5), 
t h e  paragraph following example 3.1, and a s  explained i n  previous discussion. 

( h - 2 . 3 8 ) ' 0 ~  

Those cases where it i s  necessary t o  f i nd  t he  discharge capacity of a 
given weir operating with minimum acceptable freeboard can be solved by a 
d i r ec t  appl icat ion of equation 3.5 (page 3.7). This i s  i l l u s t r a t e d  by 
the  following example. 

L =  794 
(h -2 .38 )1 .5  

P rac t i c a l  
V a l u e o f L  



Example 3.5 

Given: 1. h = 5.00 f t ;  L = 18.00 f t  

4. Free flow conditions (unsubmerged) 

Find: 1. Discharge capacity of the  weir operating with mini- 
mum acceptable freeboard. 

Solution: Subst i tu te  t he  given values i n  equation 3.5 (page 3.7) 
and compute Q. 

Comment: For t h i s  case, t he  above resu l t ing  Q could have been 
read with su f f i c i en t  accuracy d i r ec t l y  from drawing 
ES-65 (page 3.11) . 

It should a l s o  be noted t h a t  t he  capacity of such a weir without f ree-  
board = Q(l + 8 ) = Q(l .10 + 0.01 F ) .  I n  t h i s  case Q ( 1 , l O  + 0.01 F )  = 1018 Q 
= 1.18 529 = 624 cfs,  or  an 18 percent increase i n  discharge above t h a t  of 
t he  same weir operating with minimum freeboard. 

The discharge capacity of a given weir operating with a f ixed freeboard 
t h a t  i s  not dependent on F can be computed from equation 3.1 (page 3.1). 
This case is  i l l u s t r a t e d  by t he  following example. 

Example 3.6 

Given: 1. h = 5.00 f t ;  L = 18.00 f t  

2.  C = 3.1 

3. Free flow conditions (unsubmerged) 

4. Wave freeboard, f w  '= 1.80 f t  

Find: Discharge capacity of t he  weir operating with a f ree-  
board of 1.8 f t  

Solution: From equation 3.2 (page 3.7),  H + (va2 a 2g) = h - f 

= 5.00 - 1.80 = 3.20 f t ,  and from equation 3.1 (page 3.1)) 
Q = C L [ H  + (va2 + 2@;)11*" = 3.1 18 3 . 2 0 ~ ~ ~  = 318 c f s .  

Submerged Discharge. No experimental data  on submerged flow over drop 
spillways a r e  avai lable .  The following mater ia l  has been developed from a 
study of t he  reported t e s t  r e s u l t s  of submerged flow over several  types of 
weirs and over ea r th  embankments. The data  studied indicates  a wide range 
i n  t h e  e f f ec t  of submergence. Hence, p rec i se  r e s u l t s  should not be expected 
from submergence computations. 

Submerged discharge is  r e l a t ed  t o  f r e e  discharge by t he  equations 

Qs = RQf 3.12 



where Qs = submerged discharge i n  c f s  

Qf = f r e e  discharge i n  c f s  

q, = submerged discharge per  foot  length of 
weir i n  c f s  = Q, + L 

qf = f r e e  discharge per  foot  length  of weir 
i n  c f s  = Qf t L 

R = r a t i o  a s  defined by equations 3.12 and 
3.13 (page 3.15) 

Analysis of avai lable  submergence data  resu l ted  i n  the  preparation 
of f i g .  3.4 (page 3.17) which gives t he  re la t ionship  between R and t h e  
r a t i o  (H, t HI ) i n  graphical  f om.  The values H2 and H1 are defined 
below and i l l u s t r a t e d  i n  f i g .  3.3. 

SUBMERGED DROP SPILLWAY 

Water Surface 

FIGURE: 3 . 3  

-- 

H2 = submergence = difference i n  elevation between t a i l -  
water and c r e s t  of weir i n  f t  

H, 
__----  ------- 

H, = upstream head on weir with negl igible  veloci ty  of 
approach = spec i f i c  energy of flow a t  the  weir where 
veloci ty  of approach i s  s ign i f ican t  

Velocity of approach ,. - 
i s  negl igible  . ? . . 

A '. 
: .+ 
v:. 

From the  def in i t ion  of H, 
H, = H + (va2 + 2g) 

Then with C = 3 .l, equation 3.1 (page 3.1) becomes 



and 

The s u b s t i t u t i o n  of H1 = H + (va2 + 2g) from equation 3.14 (page 3.16) 
i n t o  equation 3.2 (page 3.7) g ives  

SUBMERGENCE M T I O  H2 /H] 

FIGURE 3.4 

I n  a cons idera t ion  of t h e  e f f e c t  of submergence, one must f i r s t  recog- 
n ize  those s i t u a t i o n s  where t h e  e f f e c t  i s  a p t  t o  e x i s t .  Reasonably accura te  
t a i l w a t e r  e l eva t ions  w i l l  be dependent upon water sur face  p r o f i l e s ,  f o r  
various discharges, computed upstream from con t ro l  p o i n t s  where t h e  s tage-  
discharge r e l a t i o n s h i p  i s  known. See Engineering Handbook, Sect ion  5 on 
Hydraulics f o r  methods of computing water su r face  p r o f i l e s .  



Submergence is apt to exist in situations illustrated by the follow- 
ing spillway locations: 

1. At the upper end of a drainage ditch where the spillway is de- 
signed for a discharge capacity greater than the average bank-full ca- 
pacity of the drainage ditch below and where the spillway crest elevation 
is below average ground or bank elevation so as to provide a definite 
approach channel to the spillway for low flows. 

2. Where the spillway is located in a relatively deep gully or chan- 
nel just upstream from a highway culvert and earth fill, which require 
and permit a considerable head on the culvert to discharge the spillway 
design flood. 

3. Where the spillway is just upstream from a retarding reservoir 
in which the maximum flood stage is above the crest of the upstream 
spillway. Special attention must be given to the element of time in 
such a problem; will the spillway above the reservoir be required to 
pass peak or near peak discharge when the reservoir is at or near peak 
stage? It is quite possible to have a situation in which discharge from 
other lateral gullies or waterways (runoff from intervening areas) might 
put the reservoir at or near peak stage at the same time that the spill- 
way under consideration is required to carry maximum discharge. 

4. Those in which the channel below the spillway is so flat in 
grade, so small in cross-sectional area, or so high in resistance to flow 
that its stage-discharge curve indicates water surface elevations above 
the spillway crest. 

The above possible submergence situations illustrate that the stage 
just below the spillway may be the primary result of water that has 
passed over the spillway or of water from some other source. Where the 
primary source of water producing submergence is above the spillway, re- 
member that the water must first pass through the spillway before it can 
produce submergence. 

Graphs of stage or water-surface elevation just below the spillway, 
as a function of discharge through the spillway, are valuable and often 
necessary tools in the solution of submergence problems. 

Examples for Submerged Flow. The design of a submerged weir can be 
accomplished most easily by following a systematic procedure such as 
outlined and illustrated below. In design, the problem usually resolves 
itself into one of selecting a certain set of companion values for h 
and L such that the weir will pass the required discharge rate with a 
predetermined safe freeboard while operating under tailwater conditions 
that fix the tailwater elevation (and hence the submergence of H,) for 
the design discharge. It is wise to select a somewhat higher freeboard 
where sukmergence is of consequence, because of the possible inaccuracies 
and uncertainties that exist in the computation of the submergence effect. 

Example 3.7 

Given: 1. Q = 480 cfs = required discharge capacity 

2. Hz= 2.46 ft = submergence for Q = 480 cfs 
3 .  f = 0.75 ft = selected freeboard 

4. C = 3.1 = discharge coefficient 



Find: P rac t i c a l  combinations of h and L f o r  a weir t h a t  w i l l  carry 
t he  required peak discharge r a t e  with t he  associated submergence and t he  
chosen freeboard. 

Solution: Obviously, H1 must exceed % f o r  any discharge t o  take 
place .  The procedure then becomes a matter of se lec t ing  values of h such 
t h a t  H1 is  greater  than H2 and finding companion values of L a s  in-  
dicated i n  the  tabula t ion below. 

Column 1 l i s t s  t he  assumed values of h. 

Column 2 gives H1 a s  computed from equation 3.17 (page 3.17) f o r  each 
assumed value of h. 

Column 3 gives the  values of H ~ ~ / ~ ,  which can be read d i r e c t l y  from 
t ab l e  38, page 103 of the  t h i r d  ed i t ion  of King's "Handbook of Hydraulics," 
or they can ea s i l y  be computed by s l i d e  ru le .  

Column 4 gives the  solut ion of equation 3.16 (page 3.17) 
Column 5 gives the  r a t i o  (H, i H ) and is  found by dividing the  given 

submergence H2 ( i n  t h i s  case = 2.465 by the  values of HI given i n  column 2. 

Column 6 l i s t s  the  values of R t h a t  a r e  taken from f i g .  3.4 (page 3 . l7)  
fo r  each value of the  r a t i o  (H, i H1) given i n  column 5 .  

Column 7 gives the  solut ion of equation 3.13 (page 3.15) f o r  values of 
R and qf given i n  columns 6 and 4. 

Column 8 l i s t s  t he  r e s u l t s  of dividing t he  t o t a l  required discharge ca- 
pacity,  Q ( i n  t h i s  case = 480 c f s )  by the  submerged discharge per  foot  of 
weir, qs, from column 7.  

Column 9 is  merely t he  r e s u l t  of rounding off the  values i n  column 8 t o  
p r a c t i c a l  values. It i s  not p r a c t i c a l  t o  d e t a i l  weir lengths t o  tenths  o r  
any other f r ac t i on  of a foot .  

Comment: I n  the  above tabulation,  note t he  increase i n  eff ic iency of 
t he  weir, as  measured by t he  value of R, a s  the  value of h increases and 
t he  value of (H, +- H,) aecreases. I n  other words, f o r  a f ixed amount of 
submergence t he  e f f ec t  or  swmergence is decreased i f  t he  depth of the  weir 

a i s  increased. 



If it is necessary to design a weir with predetermined values of h, 
f, and Hz, the procedure is illustrated by the computations for any one 
of the assumed values of h in the previous example. 

Should the weir length L be fixed by site conditions or other fac- 
tors, with predetermined values of f and H,, the problem becomes one 
of finding the proper value of h. This problem can be solved by cut- 
and-try methods, but it is probably easier to prepare a table as illus- 
trated in example 3.7 (page 3.18) for various assumed values of h and 
plot the relationship between h and L. Then the proper value of h 
can be picked from this curve for a given value of L, or the value of 
h can be obtained with sufficient accuracy by interpolation between 
known companion values of h and L that bracket the required set of 
conditions. 

It may be necessary in some cases to compute the discharge capacity 
of a given structure (both L and h fixed by existing structure 
dimensions) that operates under submerged conditions. The solution of 
such a case is given in the following example. 

Example 3.8 

Given: 1, Weir dimensions, L = 18 ft; h = 3.50 ft 

2. Crest elevation = 639.0 

3. Freeboard, f = 0.50 ft 

4. Discharge coefficient, C = 3.1 

5. Stage-discharge curve for tailwater 
as given below 

Discharge in cfs 



Find: Discharge capacity of t he  weir operating under t he  speci f ied  
t a i lwa te r  conditions and with a freeboard of 0.50 f t  a s  speci f ied .  

Solution:  The solut ion depends upon t r i a l  and e r r o r  methods; however, 
a systematic approach w i l l  save time. 

F i r s t  compute the  f ree  flow capacity of the  weir from equation 3.15 
(page 3.16).  A s  pointed out before, H1 = H + (va2 i ~ 2 ~ ) .  

Next prepare a t ab l e  as  shown below. A t r i a l  value of Q i s  chosen and 
the  value of H2 f o r  the  assumed t r i a l  value of Q i s  read from the  t a i l -  
water stage-discharge curve given above. The remaining cormputations a r e  
se l f -evident .  When t he  t r i a l  value of Q equals the  submerged discharge, 
the  solut ion i s  complete. 
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Layout and Hydraulic Design C r i t e r i a .  The apron, sidewalls, and wingwalls 
must perform functions of both s t r u c t u r a l  and hydraulic character .  Struc- 
t u r a l l y ,  they must provide s t a b i l i t y  against  overturning; t he  sidewalls  and 
wingwalls must r e t a i n  the  embankment and p ro tec t  it from scour; the  apron 
p ro tec t s  the  stream bed against  t he  force of the  overfa l l ing water and 
changes the  d i rec t ion  of the  flow. I n  addi t ion t o  these  and r e l a t ed  func- 
t ions ,  the  ou t l e t  por t ion of the  drop, including t he  apron, sidewalls, wing- 
walls,  and at tached devices, should be so  designed t h a t  erosion of the  chan- 
n e l  bottom and banks jus t  below the  spillway w i l l  be reduced t o  a p r a c t i c a l  
minimum. 

A considerable amount of research has been conducted t o  define t he  proper 
proportions of t he  ou t l e t  basin and wingwalls, but  a s  yet  a s a t i s f ac to ry  s e t  
of design c r i t e r i a  has not been found. 

H2 
H2 Hz - 
ii;-j.00 

R 
Qs = RQf 
= R 290 

Remarks 




